This paper investigated chemical composition and antioxidant activities of umezu, pickling liquid of Prunus mume, from different factories in South and East China. The organic acid and phenolic acid profiles were also analyzed. Results showed that umezu was rich in organic acids and extremely sour as P. mume fruit in addition to its high NaCl level (≥20%). Total acid in umezu was more than 43.78 g/L in which main organic acids were citric acid and malic acid. Umezu contained more than 250.54 mg GAE/L total phenolic in which dominant phenolic acids were hydroxycinnamic acid derivatives. Umezu exhibited powerful antioxidant activities in ORAC, ABTS, DPPH, and FRAP assays. Reducing sugar, phenolic compounds, and antioxidant activities of umezu were affected by sample origins and fruit cultivars. Given its rich flavor components and high antioxidant activity, umezu could serve as a new dietary supplement or a natural preservative in food industry.
Introduction
Prunus mume, also known as Mei or green plum in China, mume or Japanese apricot in Japan, and Maesil in Korea, is a deciduous tree of the Rosaceae family [1] . The fruit of P. mume, weighing 12.0-30.0 g freshly, green in immature and yellow in mature stage as well as rich in organic acids, edible fibre, minerals, and phenolic compounds, is known to have good medicinal effects on stomach and intestine disorders [2] . Unlike many other fruits which are mainly consumed freshly, most P. mume fruits should be processed before consumption, due to presence of cyanoglycoside, prunasin, and amygdalin and very high organic acid content [3] .
Traditionally, P. mume fruit was firstly pickled with salt or smoked to dry and then processed to preserved fruit or used as medicinal material [4] . For example, the pickled P. mume fruit (named umeboshi in Japan) has been widely used as a food garnish, sauce, juice, and liquor in China, Japan, Korea, and other Southeast Asian countries. Besides, smoked and dried immature P. mume fruit, Fructus mume (Chinese name "Wu Mei"), has been traditionally used as a medical
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Chemicals and Reagents.
Folin-Ciocalteu phenol reagent, Trolox5 (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), 2,4,6-tripyridyl-s-triazine (TPTZ), 2,2 -azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), 2,2 -azobis-(2-amidinopropane) dihydrochloride (ABAP), and 3 ,6 -dihydroxyspiro[isobenzofuran-1(3H), 9 -(9H)-xanthene]-3-one disodium salt (FL) were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Gallic, chlorogenic, neochlorogenic, cryptochlorogenic, caffeic, p-coumaric, protocatechuic, vanillic, and ferulic acids, catechin, and epicatechin were purchased from Biopurify Phytochemicals Ltd (Chengdu, China). HPLC-grade acetic acid and acetonitrile were obtained from Fisher (Suwanee, GA, USA). All other chemicals used were of analytical grade or above.
Umezu Samples.
Two umezu samples (umezu of white mume and green mume) were acquired from Zhaoan (Fujian Province, China), while the other three samples were from Puning, Raoping, and Luhe (Guangdong Province, China), respectively, in May 2015. Both Baifen Mei and Qingzhu Mei were two dominating cultivars of P. mume planted in China. All umezu samples were stored in pots made of polyethylene terephthalate (PET) under 4 ∘ C until test.
Proximate Composition.
Umezu samples were centrifuged at 3130 ×g for 10 min before test. A benchtop refractometer (RFM340, Bellingham and Stanley, UK) was used to acquire soluble solids content (SSC). The pH value was assayed with a pH meter (PB -20, Sartorius, Göttingen, Germany). The NaCl content was determined following the Chinese National Standard (GB/T 12457-2008). TA content was determined according to AOAC method 942.15 [7] . Aliquot of 2.0 mL sample was diluted to 100 mL with ultrapure water, mixed, and then titrated with 0.1 M NaOH to an end point of pH 8.2. TA was calculated as % citric acid. The total phenolic content was analyzed by the Folin-Ciocalteu (FC) colorimetric method [8] . Briefly, 0.3 mL neutralized umezu was mixed with 3.7 mL of distilled water and 2.0 mL of FC reagent for 6 min. A 2.0 mL of 7% aqueous sodium carbonate solution was added to make up a total volume of 8.0 mL. The mixture was incubated for 90 min at 25 ∘ C. The absorbance was detected at 760 nm using a Shimadzu UV-1800 spectrometer (Shimadzu Inc., Kyoto, Japan) using gallic acid as the standard. Total phenolic content was expressed as mg gallic acid equivalents (GAE) per 1000 mL sample. All the measurements were done in triplicate, and the average values were used.
Analysis of Organic Acids by HPLC.
Determination of organic acid profile of umezu was conducted by high performance liquid chromatography (HPLC) as previously described [9] . An Agilent 1200 series HPLC system (Agilent Technologies, Palo Alto, California, USA) equipped with VWD detector was used to analyze organic acids. The system was run at a flow rate of 0.1 mL/min. The samples were analyzed on an Aminex HPX-87H ion exchange column (300 mm × 7.8 mm) protected with a Bio-Rad guard cartridge (30 mm × 4.6 mm) composed of the same stationary phase and the column (not the guard cartridge) was thermostated at 35 ∘ C. Mobile phase was 5.0 mM H 2 SO 4 in dH 2 O. ChemStation Rev. A.10.02 software (Agilent Technologies) was used for data acquisition, peak integration, and standard calibration. Umezu samples were diluted with mobile phase (1 : 50). The injection volume was 20 L. Organic acids were detected with the VWD detector at 210 nm. Samples were quantified by comparing the retention times and peak areas with the known authentic standards. The results were expressed as g/L.
Analysis of Phenolic Compounds by HPLC.
Determination of the phenolic compounds was conducted by HPLC as previously described [10] . All samples were analyzed on an Agilent 1260 HPLC system (Agilent Technologies, Palo Alto, California, USA) equipped with DAD detector and autosampler, using a 250 × 4. ∘ C for 10 min. Twenty L of 119 mM ABAP was then added to each well using a multichannel pipette. Fluorescence intensity was measured using a Fluoroskan Ascent FL plate-reader (Thermo Labsystems, Franklin, MA, USA) at wavelengths of 485 nm for excitation and 538 nm for emission for 35 cycles every 4.5 min. ORAC was expressed as M Trolox equivalents per 1000 mL.
Antioxidant Activity Determined by ABTS Assay.
The ABTS radical scavenging activity assay was carried out as previously described [11] . Briefly, ABTS was dissolved in distilled water to a concentration of 7 mM. The ABTS stock solution was then obtained by mixing 7 mM ABTS water solution with 2.45 mM potassium persulfate solution and leaving it to stand in the dark at room temperature for 12-16 h before use. The ABTS radical solution was diluted with methanol and adjusted to an absorbance of 0.700 ± 0.020 at 734 nm. The assay was performed using 96-well microplates. 0.10 mL of the diluted umezu was added to 2 mL of the ABTS radical solution for use in each reaction. The absorbance was measured at 734 nm. The ABTS antioxidant activity was expressed as g/L Trolox equivalents per 1000 mL.
Antioxidant Activity Determined by FRAP Assay.
The FRAP assay was carried out according to the method as previously described [12] . The working solution consisted of 25 mL 300 mM acetate buffer (5.1 g CH 3 COONa⋅3H 2 O and 20 mL of CH 3 COOH pH 3.6), 2.5 mL TPTZ solution (10 mM TPTZ in 40 mM HCl), and 2.5 mL 20 mM FeCl 3 ⋅6H 2 O solution which was incubated 10 min at 37 ∘ C before use. A 0.2 mL umezu was reacted with 2.8 mL of the working solution for 30 min in the dark at room temperature. Absorbance was detected at 593 nm using a Shimadzu UV-1800 spectrometer. Methanol was used as the control and the standard curve was established with Trolox. The FRAP antioxidant activity was expressed as mg Trolox equivalents (TE) per 1000 mL umezu of sample.
Antioxidant Activity Determined by DPPH Assay.
The DPPH radical scavenging capacities of umezu were performed according to a previous report [13] . Two hundred L of six serially diluted umezu or methanol (control) samples were added to 2.8 mL of methanolic solution of 70 M DPPH. After shaking, the mixtures were placed in the dark at room temperature for 30 min. A spectrometer (Shimadzu UV-1800) was used to read their absorbance values at 515 nm. Antioxidant activity was calculated according to the following equation in which % stands for inhibition percentage: % = (Abs control − Abs sample ) × 100/Abs control . Sample concentration at which 50% DPPH scavenging effect was acquired was used to express median effective concentration (EC50) value. EC50 was calculated by constructing the percentage of DPPH scavenging versus log (phenolic concentration expressed as the volume of umezu) curves (mg/mL).
Statistical Analysis.
All the analyses were performed in triplicate and results were presented as mean ± standard deviations of each sample. Different samples were analyzed with ANOVA followed by the SNK-q test to identify differences between values. A value of < 0.05 was considered to be statistically different. All statistical analyses were performed using the SPSS statistical package version 13.0 (SPSS Inc., Chicago, IL, USA).
Results and Discussion
Proximate Composition.
Traditional P. mume pickling process is practiced in a cubic pool as follows: one layer of fruit by one layer of salt until the pool is full; and then an inert cloth is used to cover the surface and a heavy item, usually stone, is put on the top. Salt is added at a dose of 250-300 kg salt per 1000 kg fresh P. mume fruit. It takes more than three months for the pickling process to occur. During pickling, water and soluble substances such as sugar, organic acid, mineral, and bioactive compounds effuse from the fruits while salt is intruded into the fruits until a balance is achieved at the end. The umezu yield is 45-50% of fresh fruits.
The chemical composition could directly reflect the physiochemical property of P. mume umezu [4] . Table 1 summarized the proximate composition of umezu samples from five different factories in two provinces in China. As expected, most umezu samples were high in salt and acid but low in sugar. They contain 33.00-34.50 ∘ Brix solid matter in which 20.36-22.01% is NaCl. Total titratable acid content is 4.55-5.44%, which makes them very acidic (pH 1.85-1.90). Reducing sugar content is only 5.18-8.56%. The ratio of sugar to titratable acid among those samples is only 1.14-1.57. Noteworthy, the solid and NaCl contents of umezu from different factories were not different indicating similar pickling processing including recipe was used. Among all samples, umezu from Luhe presented the lowest total acid (4.55%) and reducing sugar (5.18%) while that of other four samples had similar total acid and reducing sugar contents. As reported previously, the P. mume fruit was an important source of phenolic antioxidant and antimicrobial agent [14] [15] [16] . The total phenolic content ranged from 250.54 to 330.74 mg/L in this study. The different phenolic content among the five umezu samples might be ascribed to different fruit cultivars and/or growing conditions as fruit quality was affected by factors including weather, environment, plant management, and so on besides species [17] . Thus, P. mume fruit from different species or different growing origins would render umezu samples with different chemical compositions.
Organic Acid Profile.
Organic acids are important flavor regulators for acidity regulation that could confer sour flavor, control microorganism growth, prevent browning, increase solubility of metal ion, improve appetite, promote digestion, and so on [6] . The characteristic sourness of P. mume fruits is caused by the presence of free organic acids in this fruit [9, 18] . Generally, the total titratable acid of P. mume fruits could be as high as 6.0-7.0% on a fresh weight basis, though its profile is diversified [2] . Organic acids, with high polarity, are hydrophilic compounds and very stable in solution [19] . Chen et al. [18] detected seven organic acids in P. mume by HPLC. Pan (2007) purified ten organic acids, including citric acid, malic acid, oxalic acid, glycolic acid, succinic acid, lactic acid, pyroglutamic acid, formic acid, acetic acid, and propionic acid from this fruit. During pickling of P. mume fruit with salt, they could easily penetrate the fruit into the pickling liquids, that is, umezu.
Typical organic acid chromatogram of umezu from different factories was presented in Figure 1 and the main organic acid contents were shown in Table 2 . Seven organic acids were detected in the umezu samples, among which six organic acids were identified by HPLC. The major organic acids detected in this assay were citric acid (67.5%-74.3% of total acid) and malic acid (12.9%-18.9% of total acid), and other minor organic acids included oxalic, succinic, lactic, and acetic acid. The organic acid profile of umezu is consistent Means ± SD ( = 3) within each column followed by the same letter are not significantly different at the 5% level. 
(2) with that of P. mume fruit reported by others [2, 19] . Citric acid and malic acid are the two most abundant acids, and they account for more than 90% of total acid content in P. mume fruit [18] and more than 85% of total acid content in umezu in this study (Table 2) . Noteworthily, the differences of these two major organic acids (citric acid and malic acid) among all umezu samples were significant ( < 0.05). Except for the different growing environment and species, the fruit maturity might also be a major influence factor [4] . As revealed by Chung et al. [4] , malic acid in the fruit is higher than citric acid during the early stage, while citric acid is much more abundant than malic acid during the late maturation stage. Based on Table 2 and Figure 1 , it could be concluded that umezu, enriched in organic acids, exhibited potential values in seasoning products development.
Phenolic Compound Profile.
Phenolic compound is another important index for umezu exploitation. Mitani et al. [20] reported that phenolics content in fully matured P. mume flesh was as high as 1% on a dry weight basis. Phenolic acids are considered to be anti-inflammatory, anticarcinogenic,
(8)(9) (10) and antimicrobial agents, as well as antioxidants [21, 22] . Total and individual phenolic compound contents of umezu samples were shown in Tables 1 and 3 , respectively. Phenolic composition and contents varied in umezu samples. Umezu from Raoping, Guangdong, presented the highest total phenolic content (330.74 mg/L), followed by umezu from Zhaoan, Fujian (300.77 mg/L), while the other three samples had similar total phenolic content. The individual phenolic compounds in umezu samples were assessed by HPLC/DAD and the typical phenolic chromatogram was shown in Figure 2 . Five phenolic compounds were identified and quantified, namely, neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, caffeic acid, and p-coumaric acid. Neochlorogenic acid, chlorogenic acid, and cryptochlorogenic acid accounted for 58.3%-63.6%, 12.4%-18.1%, and 15.4%-20.5% of total quantified phenolic compounds, respectively. In addition, caffeic acid and p-coumaric acid were very low in umezu samples. Means ± SD ( = 3) within each column followed by the same letter are not significantly different at the 5% level. 
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Means ± SD ( = 3) within each column followed by the same letter are not significantly different at the 5% level.
Mitani et al. [20] identified 5-O-caffeoylquinic acid (neochlorogenic acid) and 3-O-caffeoylquinic acid (chlorogenic acid) from the P. mume flesh, indicating that the majority of phenolics in P. mume fruit were hydroxycinnamic acid derivatives. Xia et al. [23] identified three chlorogenic acid isomers, namely, 3-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, and 4-O-caffeoylquinic acid (cryptochlorogenic acid), from P. mume seeds and found 3-O-caffeoylquinic acid was of the highest level in these three isomers. In this study, we also detected the chlorogenic acid isomers in P. mume seeds but did not find them (data not shown). According to literatures and our analysis, it is likely that chlorogenic acid isomers in umezu were from P. mume flesh, not seeds. During pickling, phenolic compounds in P. mume flesh could permeate into umezu. Chlorogenic acid isomers are stable under acidic pH; therefore, they kept a high concentration after pickling was finished. Low level of caffeic acid and p-coumaric acid in umezu might be hydrolysate of chlorogenic acid isomers. Narita and Inouye [15] reported that chlorogenic acid could hydrolyze into phenolic acids, such as caffeic acid, cis/transp-coumaric acid, and ferulic acid.
3.4. Antioxidant Activities. P. mume fruits contain multiple antioxidants, including organic acids, isoflavones, and phenolic acids [24] . Antioxidant activities of umezu samples were compared in terms of ORAC, ABTS + , FRAP, and DPPH
• scavenging capacity (Table 4) . Umezu obtained from Fujian white mume and Puning green mume had similar antioxidant properties in terms of ORAC and ABTS + scavenging as well as FRAP. In all antioxidant activity assays, umezu acquired from Raoping green mume and Fujian green mume, however, exhibited significantly higher radical scavenging capacity and reducing power than other samples. Particularly, umezu that came from Raoping green mume presented almost twofold antioxidant capacity compared with those from Fujian white mume and Puning green mume in ABTS and ORAC values. This could be explained by their higher level of antioxidant ingredients, of which total phenolic acids (330.74 mg/L) and organic acids (51.53 g/L) ranked almost first among all umezu samples (Tables 1 and 2 ). Reflecting such wealth of organic acids and phenolic acids, the reducing power reflected by FRAP value for umezu samples showed high values, ranging from 162.9 g/L to 186.43 g/L Trolox equivalent, depending upon the species and origin areas. In accordance with our results, Debnath et al. [24] revealed that the extract of Mume Fructus exhibited high scavenging activities on DPPH, ABTS, hydroxyl, and superoxide radicals with the IC 50 of 0.40, 0.36, 1.75, and 1.60 mg/ml, respectively. It was reported that the reducing power properties are generally associated with the presence of reductones, which have been shown to exert an antioxidant action by breaking the free radical chains by donating a hydrogen atom [25] .
Noteworthily, in all antioxidant activity assays, only ORAC and FRAP of the umezu followed the same trends as their phenolic acids contents; ABTS + and DPPH • scavenging capacity went different. Luhe green mume and Raoping green mume presented the lowest and strongest scavenging activities of ABTS + , with which ABTS values being 24.96 g/L and 195.83 g/L, respectively. The DPPH
• scavenging capacity of samples exhibited the descending order: Raoping green mume > Fujian green mume > Puning green mume > Luhe green mume > Fujian white mume. Umezu samples obtained from Fujian green mume and Puning green mume displayed almost equivalent scavenging activity on DPPH
• radical ( > 0.05). The DPPH
• scavenging ability of umezu samples obtained from Fujian white mume and Luhe green mume was much lower than other samples, but their EC50 values were still higher than 40 mg/ml, which may represent its medicinal value [26] .
Conclusions
Chemical composition and antioxidant activities of umezu from five P. mume pickling factories in China were investigated. These samples contained 33.00-34.50 ∘ Brix solid matter in which NaCl was 20.36-22.01%. Total titratable acid content was 4.55-5.44% which makes it with very low pH (1.85-1.90), while reducing sugar content was only 5.18-8.56%. Umezu was high in organic acids (>43 g/L) in which six organic acids were identified and the dominant ones were citric acid and malic acid. It also contained abundant phenolic compounds (>250 mg/L) in which the predominant phenolic acids were neochlorogenic acid, chlorogenic acid, and cryptochlorogenic acid. Umezu obtained from different factories also exhibited strong radical scavenging activities and ferrous reduction ability. Total phenolics were partially responsible for the antioxidant activity assessed by ORAC, ABTS, DPPH, and FRAP assays. Considering the results obtained, it might be anticipated that the umezu could be used as sauce or a natural preservative in food and/or pharmaceutical industry with suitable desalting technology.
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